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Diagnosis of Air PoIlution血jury on Plants

Al也ou如many gaseous alr POllutants are emitted into血e a血OSPhere, 0血y certain ones

are phytotoxic and indu∞ Characteristic leaf symptoms that are use餌drring field surveys.皿e

most血po血かofthese gaseous, Phytotoxic air pollutants are ozone, Sulfur dioxide, and

fluorides. These po11utants are taken iuto血e plant leaLolong w血血e nomal cons血ents ofthe

alr, through血e stomata. Once i腿ide血e leaf担e poll血ut or its breakdoⅦ PrOducts react wi也

ce皿ar components’ma血y ce11ular membranes’CauSing lngury Or death of。ssues.

The res皿ng macroscopIC SymPtomS’Which are visible on也e leaf su露朕’are Classified

as dronic or acute depen血g uPOn the seve車y of i車ury. Chronic sy皿ptoms imply tissue

lngury, whereas acute l叩y Slgni丘es tissue dea血Chronic synaptoms on foliage usually result

from exposuエe Ofa plaut to low levels ofpol舶on for a long tlme’Or OCCur when a Plaut is

somewhat resistant to a pollut狐t. Visible ozone lnyuIy lS uS血ly considered to be chronic

IPJury. Acute lngury is observed剛owlng a Short竜m担gh concentration of pol鵬on’Or

occurs when a plaut is in a very sensitive condition. Su船町dioxide iI可vy as observed in也e

丘eld is often acute. Fluoride iIjury may be ei血er・

Macroscopic leaf iIjury c餌Sed by air pollutauts often represeuts an intemediate step

betveen initial physioIogical events and decreases in productiv吋Decreases in productiv車y

㊥e 1988) may res血in ecoIogieal血mges, SuCh as reduced diversfty quseriberg et al・ 1979)・

visible leaf symptoms induced by phytotox土c pollutants serve as imporiaut diagnostic tooIs血at

allow observers to ide血fy speci五c air pollutants as causal agents of vegetation danage (Davis

1984; Skelly et al. 1987, Skelly 2000)・ T血s knowledge can be used in也e air poll血on

emissions pemit血g process for si血g new industries (i・e. Prevention of Signifroant

Deterioration Program), aSSeSSme血Ofthe secondary air qu坤y standards, aSSeSSing血e presence

of air po皿ion ir担ry in Class I areas, and in距gation irvoIving alr PO皿ion埋rury.

A皿ough ozone was血e air po皿aut of concem in址s slrvey亘should be recognized軸

phytotoxic levels of primary pollutants such as sulfur dioxide and fluorides mi如occur near

industrial sources. Likewise, traCe elements including metals may be found in excessive levels

in vegctation growing in areas doⅧwind宜om indus血l or unban sources a)avis et al. 1984’

Davis et al. 2001). Toxic elemeuts such as arsenic’merCuIy (Davis 2002), and lead may be

especially血portant in areas being managed for wildlife. A皿ough such compounds are of皿ore

interest in mammalian and avian toxicity as compared to phytotoxicity, Vegetation may soわsuch

7



contanina血s and become part of血e contaminated food chain. However, the presence of

excessive elements such as metals, aS Well as organic biohazards such as dioxius and fuI.anS’is

detemined wi也Ial)Oratory analysis offoliage, nOt W地surveys dealing wi血maeroscopic foliar

l呵ury・
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ozone is probably血e most importaut and widespread phytotoxic air pollutant止血e United

states, and is也e air pollutant most likdy to have狐eaSily recognizable inapact on vegetation

within a NWR. Backgro皿d levels of ozone exist naturally in血e lower atmOSPhere, POSSibly

origina血g宜om ve血cal doⅦdralts of ozone宜om血e stratosphere or from lighl血ingプb血皿Ore

likely宜om chemical reactious of naturally occumng PreCurSOrS.

H。WeVer,也e mgivr sources of precursors leading to phytotoxic levels of ozone originate

丘om urもan areas.血血ose areas亘ydroca血ous狐d oxides of nitrogen are emitted血o the

atmosphere from various sources’也e most important being automobile exhaust・ These

compo皿ds undergo photochemical reactions in也e presence of s血ight foming photochemical

smog, Ofw血ch ozone is a mapr component. Ozone, Or its precursors may廿avel dow調vind for

h皿dreds of miles during long-range廿ansport, as i血uenced by wind direction and movement of

weather丘onts. Thus, OZOne impmgmg On refuges may ongmate in urもan areas many miles

upwind宜om也e refuge. Conce血ations of ozone are often greater in rural areas downwind宜om

u血an areas, as CO皿Pared to w池止血e urもan area itseli dre to也e presence of reactive po11utants

in the urban air也at scavenge也e ozone.

There are certain bioindicator plants in血e East也at are ver)γ SenSitive to ozone and e血ibit

characteristic symptoms when exposed to ozone (Anderson et al・ 1989, Davis and Coppo血o

1976, Davis and Sk叫1992, Davis et a1 1981, Davis and Wilhour 1976, and Jensen and

Dochinger 1 9 89). The principal irIVestigator in亜s survey ro血nely uses也e following broad-

leaved bioindicator species for eval脚ting ozone ipjury‥ black cheny (睦週重量), COmmOn

elder (Sambucus canadensis), COmmOn milkweed (坐f:唾壁輩亘塑), grape (逝睦spp), W抽e

ash (塾婆垂些anericana) and yellow-POPlar G±iriodendron重出垂畦L The investigator also

uses, but less commonly, Virginia creeper (里ar血enocissus埋垂guefolia) and Vibumun spp・

M孤y of也ese ozone-SenSitive specleS OCCur in our refuges in eastem U血ed States. August and
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early Septeinber are血e best血es to survey for ozone-induced i坤ny in也e No血east CDavis

and Skelly 1992).

on broadleaved bioindicators, OZOne置induced sympto皿s usually appear as small l - 2皿

diameter一一stipples一一ofpigmented珂ack or reddish-Pu呼le tissue on血e adzⅨial sⅢ屯oe of mature

leaves (See Skelly 2000, Skelly et al・ 1987)・ The pigmented tissue is usually restricted by血e

vei血ets. Immature leaves seldo皿ex血bit symptoms, whereas premature defoliation ofmature

leaves may occur on SenSitive species・ To血e casual observer’血ese symptoms are similar to

也ose induced by o血er s血esses (e.g・, n血e虹deficiency, fall coloration, heat stress’aS Well as

。。rtaln insects, and diseases). However, the pigmented, adaxial stipple on plarits ofknown

ozone-SenSitivity (i.e., black cherry or grape) is a reliable diagnostic symptom血at can be used to

evaluate ozone l叩ury.

on 。ast。m 。Onifers,也e most reliable sympto皿(Cun刷t-year needles o血y) induced by

ozone is a chlorotic mottle, W血ch consists of smau patches of c址orotic tissue interspersed

wi址n the green, healthy needle t ssue・ The mottle usually has a “soft edge” (as opposed to a

sharply de血ed edge) to血e indivi。ual mo咄ed areas・ An extremely seusitive plaut may exhibit

needle tip brow血g・ However,亜s latter symptom is cansed by many s廿esses狐d not a reliable

diagnostic symptom・ Conifer needles older than curent-groWlng Season needles are not use珊

as monitors, Since over-W血emg and m皿i置ye孤insect i車uries mayγ PrOduce needie symptoms

s血i工ar t。 that caused by ozone. Ozone iIjury to monocots, SuCh as grasses (i■e・,塾理由坦SP.), is

also very di範c皿to diagnose in廿r誼old’as there are many cansal age血s血at can res皿in

tipbum and chlorotic mo咄e on grasses・

9
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Desc正p慣on of Re血ge

(Adapted fro皿Refuge Brochures)

The Mooseho皿Refuge is a highly glaciated expanse of roⅢng皿1s工arge ledge

outcrops差せeams, 1des, bogs, and marshes・ The Edm皿ds Unit has several血es ofrocky

shoreline where 24-foot ti。al fluctuatious are a d曲y occurrence・ Approx土mately 2,780 acres of

the Edmunds Unit狐d 4,680 acres ofthe Baring Unit vere set aside as Wildemess Areas by

congress. As part of也e National Wildemess Preservation System血ese aェeas are grauted

special protection that will insure血e preservation o弛eir whdemess characteristics.

10

Veg鏡a慣on

皿e area is rich with血story宜om也e logging boom days. In也e 1800’s horses hauled

nrillions of cords of wood to the shores o弛e St・ Croix River where sp血g floods carried也e

logs to Calais mills. Logs were shipped fro皿Calais to world markets by schooner and

steauship. However直也e eady 1900’s,也e forest industry began to mechanize and血e world

market for timber declined. The numerous fams that once wene necessary to feed man狐d beast

w。re abandon。d and血e forest gradually reclaimed the famland・ A diverse forest of aspen,

maple, birch, SPruCe, and五r cunently dominates也e landscape and scattered stands of mapestic

W血te pme are commOn・

皿e refuge is Iocated in terrain咄consists of rol血g蘭1s with lange rock outcrops and

s。atter。d bould。rS. The do皿ina址vegetation in也e vicinfty ofboth Units is uneven-aged’

second-groWth no血em conifer-hardw。Od forest㍉融some areas in pure spruce血Mu心of

也e area was logged and cleared in也e 1800s and early 1900s’and several血es have bmed over

large portions ofthe area,也e last in 1933・ Nunerous s廿ean va11eys, beaver flowages,

ericac∞uS bogs, marShes, and foresUs血lndominated wetlands occur throughout血e area. The

deciduous component o弛e forest includes mixed stands of quaking and bigtooth aspen

c±哩土壁tremuloides , P. gI型過重塑), P坤er and grayγ birch (塾重出盟世塵董B◆理由垂垣)プ

red maple (A哩理由垂), A皿erican beech @挙世墨g埋堂i垣)プand black cherry (辿型宣

Ser〇五na).

c。mm。n 。nderstory species include winterbeny (迎也eI童procunb鎚旦), bracken f血

(聖堂垂通塾埜塑垂塑塾), Sedges (皇室堅SPP.)うand b皿Chberry &堕坦Canadensis)・ i血xcid
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hardwood-∞nifer stands o∞ur in many areas, wi血the genera11y more shade-tOlerant conifers

grad助lly replacing血e earlier su∞eSSional hardwoods, The coniferous component is dominated

by mixed and pure st狐ds ofspruce (塾塑SPP.) and balsan fir C±垣登balsa堪宣)・ Scattered old-

growth w血te pine @垂聖呈出垂埋) are狐indication of血e original climax forest瓜at was present

before the lumbering and fires of血e last cen血ry. Pure stands of alder (生垣壁型5Q週) are

abundaut in rever丘ng fi血and and wet areas along血e margms Of streaus and beaver flowages.

Several blucheny IVa∞inium spp.)宜elds, meadows,狐d pas血res are maintained as pemane血

forest openings.血1976, a long寸em management plan was impleme址ed on也e refuge to

increase血e diversfty offorest habitat by altering age and species composition,血1izing speci丘c

血ning of cutting・

Wetlands preseut in血e an諷include beaver ponds and meadows’marSh’Shrub’and

forested wetlands ofvarious types, and open-Water in the fom of streams, POnds and lakes.

Beaver meadows in the area are dominated by blueio血grass (Calama釘ostis canadeusis) and

sedges, with wetter sections and pond fringes suppo血1g marSh plants such as rushes (垣哩些

spp.), Cattail (蛙塾堕), b山rushes &垂逃SPP・), and o血er non草rsistent emergeuts and

aquatic species. Alder and w甜ow (塾瞳spp.) are cormon vetland shrubs, and leatherleaf

(咽堕吐vulata), SWeet gale哩r三重g垂E), and spha印m moss (Spha望lum SPP.) are

dominant bog spenes. Forested wetlands are dominated by s血uted spruce’SOme W抽e cedar

(丑唾OCCidentalis), red maple, SPhagmm, CiⅢramon fem (Osm皿埴cimamonea), and so皿e

larch (L墾重1ahcina)、

The m社vrity of血e Cobscook Bay area is in second grow瓜spmce-紐-Pine forest, mixed

wi也some maple, birch, and aspen_皿ere is also some open land, and previously open la皿d in

rey5rOW血stages. The waters a句o血ng也e bay are tidal with fluctuatious ofup to 24食味

ereatmg eXtenSive areas of i血e正dal mudflats in several coves.皿e tidal range and southem

exposures create血portant ice-宜ee and protected winte血g habitat conditions for waterfowl and

bald engles. Many large, Oldngrowth pines are preseIit on uplands a句acent to也e shore血e’

providing nes血g and roos血g trees for eagles and other raptors・

A lis血g ofMoosehom NWR vegeta。・On, as SuPPlied by refuge persomel亘presented in

也e Appendix.
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W組dli耗

Mooseho皿Refuge is mique among也e country’s National Wildlife Refuges. Here也e

Am。ri。。n WOOdcock is intensely studied and managed・ T址s reclusive bird dwells in也e alder

cover by day and refuge cleanngs at nig出. Unfo巾nafely,血e Easte皿Flyway woodcock

pop血ation has dec血ed steadily over也e past tve decades. Research and management programs

at Mooseho皿have provided valuable infomation血atis being used to stem址s decline・

The endangered bald cagle缶oque血bo血units of血e refuge・ In recent years as many as

three palrS Of eagles have nested at Moosehom Eagles are frequently sighted in the area aro皿d

也e Magurewock Marshes near U・S・ Route l on血e Baring Unit and aro皿d血e tidal waters of

Dennys Bay on也e Edmmds Uhit.

The woodlands ofMooseho皿alsoあound with many o血er species・ Black bears are

abunda血and can often be seen along refuge roads in the spmg言n也e bluederry fields in

August, and fornging for aIxples in血e fall. White置tailed deer and狐OCCaSional moose feed in

the many cleamgs scattered throughout也e refuge.血mid-May a flush of migratmg waIbles

餌1s也e woodlands w地song.

The refuge also serves as an importaut breeding area and migration stop for a variety of

waterfewl and o血er wate血urds. Black ducks, WOOd ducks,血g事neCked ducks, Canada geese’

and loous can be seen on血e more血an 50 1akes, marShes, and flowages scattered址oughout the

refuge・ In mid-May the Magurewock Marsh, Which borders U・ S・ Route l on the Baring Unit’

abomds w鳳goose and duck broods. Bald eagle sigh血gs also are a com皿on ocourrence.

Ospreys nest in several of也e refuge marshes and the ardent observer can often血d river otters

宜0止cking among也e ca此ails・ Moosehom plays an iIapO鵬皿t rOle in protecting也e fragile and

dininishing wetland resources of血e A廿antic Flyway・

12
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Manage皿ent

Woodcock, ru範ed grouse, mOOSe, deer, and a variety of songbirds thrive o血y in a yo皿g

forest. In也e pasit, wild丘res periodica11y r匂uvenated血e forest・ However, wild丘re is a rare

event todey. Forest manageme血PrOgramS On the refuge serve to take the place offire. Sma11

clearcuts scattered thronghout也e forest provide opemgs and young brushy grow皿that serve as

food and cover for many wildlife species. This management has resulted血dramatic increases in

many species including wood∞Ck, grouSe, bearプand moose・ Timber harves。ng also provides

Iocal employment, and a percentage ofrecelPtS宜om sales is retuned to local commur血es・

Wetlands manageme血on血e refuge has greatly increased waterfewi mmbers. Water

co血OI structures on血e refuge’s marshes and ponds allow manngers to ma血ain stable water

levels du血g the breeding season. Water level co血Ol also inproves也e grow血ofplants血at

provide food and cover and allows也e marshes to be emptied periodically for r句Wenation・ The

creation of chamels, PO血oles, and islands, aS Well as shoreline i皿provement’also has increased

waterfowl prodrc宜on and encouraged nestmg.
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General Survey Areas

It had been predetemined that survey sites had to occur in open-areaS (such as血ose

occurring along roads or trails, Or in fields) where ozone-SenSitive plant species we工e found in

sunlight and exposed to urnestricted air movement (血derson ct al・ 1 989; USDA Forest Service,

1 990). Immediately prior to也e血ia1 1998 survey担e investigatomet w血refuge persomel

to view maps o弛e refuge. Eusuing discusions greafty alded selection of preli血nary survey

areas on血e maps' Based on也ese initial disoussions, tentative survey areas were sdected

也roughout血e refuge. These areas were visited in血e甜d during血e 1998’1999’and 2000

surveys, and也eir suitability for survey detemined as plants were evaluated・ These general

areas, W皿slight modificatious, Were uSed in也e 2002 survey・

Preliminary Selection of Bioindicator Speeies

An extensive list of refuge租ora was fumished to血e irvestigator by也e U・S. Fish and

wildlife Service (Appendix) Prior to血e initial (1998) survey, an in壷al selection ofpotential

bi。indicators that mig出exhibit ozone iqjury in血e stⅣey area had been selected from址s list.

Plant specleS Or genera on也e hst that were tentatively selected as bioindicators included: aSh

(亜塾垂哩宣SP・), aster趣睦SP.), black cherry住哩壁鎧重量), blackbeny (迦些SP・), choke

cherry C塾哩呈垂g垂通塾), commOn milkweed陸I車埜敦盛塑), eldeわeny (Sambucus

canadensis), mOmtain ash &垂逃americana), Pin cheny (里型聖堂匹担aylv哩i鍾), POison-ivy

(塾逃r塑i鐘墜=挫垂eodend迎逃避壁), Servicebeny (Amelanchier垣塑垂), SumaC (迦墜SP.),

廿embling aspen (堕せem血oides) and vibumu馳せibu皿un sp.)・

Of course, many Of血e species listed grow in scattered localities through血e NWR’and

may not be prese血at designated survey areas; they may o血y be found wi血the help oflocal

bota]rists. AIso, mOSt Pla虹specleS grOWmg in the more wet areas ofthe refuge have not been

studied with regard to ozone-induced macroscopic symptoms・ That is担e ozone-SenSiti‘rty Of

wetland species, aS detemined by co血OIled exposures of ozone, 1S generally unknown・
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A王r Quality

Ozone monitoring data complement也e visual ipjury surveys.血general, mOre OZOne-

induced stipple is likebγ tO OCCur in years w血greater ozone conce血証ons. However, mOre

∞nSistent and long-tem mOnito血g datasets are needed to餌her mderstand也e relationship

between foliar symptoms, ambie血ozone, and envirormental conditions (e・g. droughts) in our

pa血s孤d re紅ges・

The nearest ozone monitor with血e complete ozone datasets is Iocated in也e Acadia

National Park at Cadillac Mou血ain CEPA AIRS site #23-009-0 102), apProXimately 70 miles

sou血west of血e Moosehom NWR. Ambie址ozone levels in也is report are expressed as

‘`cunsun60”,血e cum山ative sum Of all hourly ozone concentratious eq助ling or exceeding 60

ppb・血o血er studies, We have fo皿d血at址s ozone statistic correlates fa血y well w地plaut

da皿nge. During the 4 years of survey (1 998-2000, 2002), OZOne levels monitored at Cadillac

Mountain were variable, being greatest in 1998,血temediate in 1999 and 2002, and least in 2000

鱒igure 2). By late su皿mer,也e cumsum60 ozone levels in 1998 were clearly at phytotoxic

levels; the 1999 and 2002 1evels were considered somewhat phytotoxic・ In 2000了he ozone

levels were very low and probably just at也e threshold limits for plant叫ury to occur

The maxi]mm CunSum60 values during也e years of survey were greatest in 1 998,

rea血ng approximately 45,000 ppb-血s・ For co皿parison to a refuge wi血extreme ozone

concentrations,也e ozone levels at血e Edwin B. Forsy血e NWR near Brigantine, New Jersey,

reached about 80,000 ppb-hrs in 1991 (a very high ozone year), and are ro血nely greater血an

40,000 pPb一正s by血e summer’s end・ During 1999, OZOne levels in the Mingo NWR in Mssouri

likewise reached 80,000 ppb二血s by early蝕・1・

Assuming也at血e ozone levels monitored at Cadi11ac Mour血in (70 miles away) are

similar to those ocourring at the Moosehom NWR, OZone i車ury is likely to occur most years on

ozone-SenSitive species ofvegetation within也e refuge. However’tO my knowiedge,也ere have

been no recorded surveys prlOr to 1998 to document whether or not ozone l町ury has occurred on

re血ge vege捌ion.

●

●
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Figure 2. Cmulative sum of a11 ho血y ozone concerrtrations equaling or exceeding 60 ppb

(CunSUM60) monitored at Acadia National Park, Cadillac Mo皿tain, Maine (EH)A A皿S Site #

23-009-0102) during 1998-2002; units are ppb一血s・ This monitoring site is Iocated

approximately 70 miles sou血west of血e Moosehom refuge.

●

●
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Surveys Dates and Locations

The Mooschom National Wildlife Refuge was surveyed twice in 1998, On July 29-August

2 and August 25-28.血1999也e refuge was surveyed on∞, during July 22-25. It was fortunate

血at也e earlier date was chosen in 1999, because a widespread droug址occuⅡed in血e East

during late suIImer・ During 2000, the Mooschom NWR was surveyed during August 2 1-23 ‘

The refuge was not surveyed in 2001. In 2002也e refuge was slⅣeyed during August 29-

September 2. Based on血e 4 years ofsurveys,血e best t血e to survey址s refuge is in血d- tO

late-August・ An extreme drought ocourred in血e No血east phor to and during the 2002 survey.

As described earlier,也e teutative location of survey areas was based on discussious wi血

refuge persomel and examination of maps at血e refuge headquarters phor to血e壷tial (1 998)

survey. These areas were血en visited on-Site du丘ng血e 1998’1999’and 2000 surveys’and 16

approximate locations were selected・ These sites were considered suital)1e for ozone l勘ury

surveys based on opemess, acCeSSibility, and presence ofbioindicators伊igure l)・ Al1 1 6 sites

were visited in 2002, but data was not taken at a11 sites. As in 2002, an additional area (“The

Woodcock Trail”) a句ace血to pIot BI was surveyed.血addition to these speci宜c areas, foliage

ofvegetation was observed as也e investigator traveled from site to site.

Seve正中Ra慣ng

Each broadleaved plant evaluated for anわient ozone lIUury had to have foliage within

reach;也at is, treeS Were nOt Climbed nor were pole-PrunerS uSed・ The ForestHeal血Expert

System had been used to train也e investlgatOr in est血a血g血e am-Ou血ofstipple on a leaf For

broadleaved廿ee specleS,血e percentnge of ozone lIUury Was eStimated on也e oldest leaf on each

of four branches, and也e average value recorded・ Then,也e nexI oldest leaf was evaluated, and

so on, un也the宜ve oldest leaves had been rated. For each hefoaceous plant, eaCh of也e宜ve (if

present) oldest (basal) 1eaves of也e plant was examined and血e average perceut stipple recorded・

Each ofthe oldest five leaves on血e current woodyγ grOW也(CaneS) ofvines was rated and也e

average perce皿t stipple recorded・ On all species, Only adaxia1 1eaf surfa∞S Were eValuated.

Symptom seve車y on the adaxial surface of each leaf evaluated was esti皿ated by assigning

severity classes, based on也e perce血nge ofsurface ir豆ured, OfO, 5, 10, 20, 40, 60, 80, 90, 95 and

lOO %. Photographs (slides) were taken and originals sent to也e FWS Air Quality Branch in

Denver.

●
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RESULTS AND DISCUSSION

F血al Selection of Bio血dicator Species

Following血e in瓦ial eva山ation of血e vegetation lists in eady summer 1 99 8, a mOre

complete selec互on ofbioindicator specleS Or genera Was made in血e field du血g 1 998・ For

example, dr血ng也e丘rst 1998 visit to也e refuge, it was immediately obvious that spreading

dogbane (Apocymm an酬was exI血崩ng adaxial s中Ple, tyPical of血at caused by

ozone, at SeVeral sites・ Therefore, dogbane was added to the bioindicator止st, W龍ch也en

cousisted of ash (maiI]ly white ash), black cherry, blackberry, Choke cherry, Pin cherry,

serviceberry, and廿e皿b血g aspen as potential bioindicator species. These were among血e most

oommon ozone-Seusitive species in也e refuge’and usunlly occurred in open areas・ Not all

species/genera血ted were present at a11 sites・ In addition’mOSt Wetland plant sp{剃es Of也e

Moosehom refuge have not been carefully studied w血regard to ozone-induced macroscopic

sy皿ptoms. That is担e ozone-seusitivity ofwe廿and plarits as detemined by controlled

expesures of ozone lS generally unknovm Of course, SPmg ePhemerals were not eval両ed at

this late date.

During血e 1998 and 1999丘eld surveys,也e bioindicator list was amended to also include

sand cherry (堕塑墜埋塾), raSPberry G±垂墜i重量堅塁), and sarsaparilla (生垣mdicaulis)・ The

latter two species, along w血blackberry, Were Selected as indicators for SO2 i車ury. However,

since也ere were no apparent po血sources of SO2, emPhasis was placed on也e ozone-Seusitive

bioindicators. The list, as ma血y compiled du血g 1998-1999 was used chlhng血e 2000 and

2002 suⅣeyS.

●
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Fo協調SyⅢPtOⅡ購

In spite ofthe fairly high ozone levels recorded in 2002 (Figure 2), O血y light ozone

坤ury was observed within the Baring狐d Edrn脚ds Units during the 2002 visit (August 29-

September 2). This was possibly related to血e severe drought血at was widespread along the

East Coast in 2002. Such drought induces stomatal cIosure, PreCluding uptake of ozone and

reducing subsequent leaf垂jury due to ozone.

●

●

Ba正ng Unit

Site Bl (Re細ge Headquarters and偉Woodcock Trail,,)・ Vegetation was examined in

血e large, OPen fields along the entrance road leading to the refuge headquarters and along the

Woodcock Trail loop (Figure l , Location B l ). There were several bioindicator ``species” present

in血ese large openmgS and along the trail at this excellent survey site.

Ozone i可ury was present on 44 of 134 (32.8%) spreading dogbane plants examined at

血is site in 2002 (Table l). The severity ofozone irtjury on the symptom証c leaves usunlly

invoIved less血an 5-10% of血e adaxial leafarea, but at times invoIved up to 60% ofthe leaf

surface (Table 2). On occasional plants,血e irjury was severe, reS山ting in black, bifacial tissue

collapse. In 1998 and 1999血e ozone l叩ury On dogbane at皿s site had been restricted to older

Paired leaves on血e prlmary StemS, and did not occur on the palrS Ofleaves further out血e

SeCOndary shoots、 (Secondary shoots arise from the axils of the pairs of primary stem leaves).

However, in bo血2000 and 2002血e ozone lIUury also occurred on the leaves fur血er out the

stem in addition to the two older paired leaves. Occasional dogbane plants showed premature

defoliation. Ozone l勘ury WaS nOt preSent On dogbanes growmg in shaded areas.

Near the upper edge of one field, brush had been mowed previously and fdst-grOWmg,

succulent aspen root sprouts (root suckers) were prese血It was di縦cult to distinguish between

very small bigtoo血and quaking aspen sprouts. Ozone坤yury was present on 27 of69 (39. 1%) of

the aspen sprouts at this site in 2002 (Table l). In 1998 this site had not been mowed and瓜ere

were no aspen sprouts present. However, in 1999’2000, and 2002, OZOne lIUury OCCurred on

血ese fast-grOWlng SPrOutS, but did not occur on a句acent, larger, asPen treeS Or Older, aSPen

saphngs. On the sprouts,血e injury was most severe on the oldest狐d lowest leaves at the base

of血e plarit. The severity ofthe ozone i車ury on血e lower leaves was likely due to a
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●

●

●

combination of leaf age and the血gh hmidity ofthe lower, grasS erIViroment. However,

diagnosis of也e ozone-indu∞d stipple was confounded by血e presen∞ Of Septoria lea鳥pot on

血e lowest aspen leaves・

AIong也e Woodcock Trail, Classic ozone-induced stipple was observed on 2 of 12

(1 6.7%) ofplants tentatively iden臆ed as Vibmun ±・ The invesdgator has observed

ozone s坤ple on various species ofVibunun in o也er surveys, and considers血e ge肌s

Vibumm to be an under-uSed bioindicator w地exce11eut pote血al, Pe血aps s血ilar in utildy to

血e genus Sambucus・ T出s specleS OfVibmun co山d prove to be a valuable addition to也e

bioindicators already used for detecting ozone l勘ury in the refuge. VibuⅢm SPeCies generally

ex血bit more of a classic stip亘le, as COmPared to ash or pin cherry, and do not defoliate as readily

as spreading dogbane・工n血e餌ure, CmSideration should be given to more血orough ozone-

ipjury survey using址s species ofVit}umum・ Refnge, Or local, bofanists should identify血e

Vibumm species present in也e refuge・

Ozone l町田y WaS nOt Observed on blackberry, black cherry, Choke cherry’Sand cherry’Or

mouutain-aSh. A皿ough choke cherry was evaluated, the irIVeStlgator COusiders血is species to

be tolera虹to ambieut ozone and it should not be evaluated in也e允血fe. When也e aspen

species was distinguishあle,廿embling aspen appeared to be more sensitive to ozone than was

bigtoo血aspen. There was a slig批reddening’W血ch may omay not have been related to ozone

坤ury, On blackbeny and a few o也er specleS・ During也e 2002 survey, 1eaf iIjury resembling

血at caused by SO2 Was nOt Observed at血s or any o血er site within瓜e Moosehom NWR

Stresses o也er血an ozone即ury were noted at this site. Dogbane leaves were begiming

to become chlorotic (Partially due to ozone?) and had a moderate level of leafblotch・ Dogbane

plants also had a址如er infestation of caterpillar wchs也an in past years, and leaves su節ered

宜om more leaf chewing血an in past years. Black cherIy foliage commonly had Cercospora-tyPe

lea鳥pots. Pin cheny leaves had sho也oles, in addition to lea恵pots. Aspen had small, dack

Septoriartype lea癖pots. Blackbeny leaves exhibited some reddening.
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Table 2. Severity of ozone-induced iIjury on leaves of s)mPtOmatic leaves of lO

aspen and lO spreading dogbane plants at Site BL

Leaf N0.

1

2

3

4

5

6

7　　　　　　40

8　　　　　　50

9　　　　　　　5

10　　　　　　0

Do gba皿e

*Oldest leaf of the 5 leaves evaluated.

**Severity values = 0, 5, 10, 20, 40, 60, 80, 90, 95, and lOO% of leaftissue i可vred・

**Leaves missmg
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(Baring Un垂Cont,d.)

Sites B2暮Bll (see TabIe l). At site B2 (the westem end of South Trail Road) 2 0f 57

(3.5%) of血e ash seedlings and saplings examined showed classic ozone iI)jury in 2002・ The

area appeared to be very droughty・

At site B3 (Cranberry Lake I血eD I of 20 (5.0のash plants, but none of the 20 aspens,

exhibited ozone l]卿ury. Insect iI亘ury was common on birch foliage, aS Were Vein ga11s on ash

leaves.

Aspen, black cherry, SPreading dogbane, and pin cherry plants at site B4 (Cranberry

Brook) 1ikewise showed a lack of ozone ipjury. Doきbane leaves at this site were quite green, and

the plants were in flower・ Black cherry trees and saplings had black血ot infections of branches

and twigs, as Well as CercosporaTtyPe leafspots・ Hn cherry leaves commo血y exhibited

sho血oles. Sweeffem foliage was血m血g red・ F皿it was nPe On bo血blueberries and

blackberries. Here and elsewhere, there was li馳e useful foliage on血e (2-year Old)宜ui血g

canes of血e blackberry plants, aS it had discoIored and was senescmg・

At site B5 (Hanson Soil Pit Road), Pin cherry showed no ozone垂jury, and many of也e

aspen sprouts were stressed by a funga1 1eaf and shoot blight, 1ikely caused by the fungus

Ven血五a・ Many aspen p工ants were not evaluated at site B5 becanse of this confounding factor・

However, SeVeral a句acent clearcuts were found也at had fewer fungal diseases on the aspens. In

these areas, nOne Of血e 50 aspens evaluated had ozone lIIJury’nOr did black cherry’Pin cherry,

Or SPreading dogbane plants.

As in past years, few good indicator pl狐tS Were fomd at sites B6 (Bam Meadows #2)

and B7 (Powe址ne at血e intersection of Route l and Charlo請e Road) in 2002;血ese two sites

have been eli皿inated fro皿the survey・

Site B8 (West Branch Observation Deck) is also marginal site in tems of usefulneSS, but

was more usefしIl血an sites B6 and B7; OZOne l町ury WaS nOt Observed on any bioindicator plants

at site B8・ Haw血om foliage, On Plants growmg On血e mound near也e deck’had a dark leafspot.

Sweetfem leaves were sta]屯ng to tum red.

Site B9 (road to fomer air monitoring station) was expanded in 1999 to include Voss

Pond and is now an excellent survey site・ Hght, marginal stipple was observed on l of 12

(8.3のof the ash plants at site B9 in 2002, but not on other bioindicator species・ Spreading

dogbane leaves were greener in址s more shaded location’aS COmPared to plants growmg in血e

open. However’dogbane plants still exhibited low levels of leafspots at址s Iocation. Leafspots

also occurred commo血y on hawthom, black cherry’and red maple foliage at this site・ Light

levels of Venturia shoot blight occurred on aspen bere and throughout血e area; aSPenS also had

sma11 Septoria leafspots that complicated evaluation of stipple. Fruiting canes of blactわeny had

few usefu=eaves for evaluation purposes・ Insect disorders were noted on many species of plants

●
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including alder, aSPen’blackberry, cherries’Oaks, Wi11ow, and others・ The most severe insect

problem noted was the severe skeletonlZmg Of alder leaves by caterpillars. This severe

infestation had been observed during past surveys.

Ozone lIHury WaS nOt Observed on ash seedlings and saplings examined at site B l l

(Bearce Flowage)

Sites B6, B7, BlO (Higgins Road) and B l l (Bearce FIowage) are considered to be

margmal survey sites. However, all four sites will be maintained, and possibly revisited if血e

Survey lS COnducted in餌ure years.

Edmunds Unit

Site El. Vegetation was examined in 2002 in and around血e edges ofthe fam fields

near血e Nate Smi血Marsh. In splte Of the name “Marsh”, mOSt Ofthis survey site was conducted

wi也in an old hayfield that is ra血er sandy and droughty. Ozone injury was not observed on

aspen, blackberry, black cherry, Pin cheny, Sand cherry, Serviceberry, Or Spreading dogbane.

Raspberry plants had healthy leaves at this site. The億embling aspen leaves, Were Small, tough’

and leathery - COnditions not conducive for ozone lIUury Occasional dogbane plants were very

yellow at血is site in 2002, POSSibly related to drought stress. Black knot disease was very severe

on various聖堂塾墜SPeCleS at this Iocation. Blackbeny foliage was tummg red. Many ofthe

shnめby vegetation had twig dieback, and associated wind pr皿ng,血at appeared to be related to

wind-driven salt. The entire area was very droughty.

Site E2. Ozone l町ury WaS nOt Observed on blackberry, black cherry, Or mOuntain-ash

plants near the boat launch in Cobscook State Park (Table l). Raspberry紬d sarsapar血Ia plants

also had healtdy leaves at血is site, but bo血were tummg red・ Blackberry foliage had moderate

aphid curling and were also tummg red. It has been my experience血at this reddening lS

common in many plant species (especially Bds) su餓正ng from mois血e s億ess・ Ozone iIriury

was observed on 3 of 50 (6.0%) ofthe pin cherries exanined. As in past years, mOuntain置aSh

leaves had severe leamopperrtype坤yury, Which confounded ozone injury evaluation on曲・S

specleS. Here and elsewhere in the refuge area,血ere was no SO2 iI豆ury on sensitive plant

species such as birch, raSPberry, blackberry, Or SarSapari11a.

Site E3. Bioindicators were exam上ned in and around血e edge of皿s very large field

within the Cdbs∞Ok State Park, 1ocated along the edge of Whiting Bay. Ozone lr甲田y WaS nOted
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on 3 of30 (10.0%) of血e pin cherry plants examined. Foliage ofblackberry and raspberry plants

was tummg red. Webwom infestations were lig址on choke cherry. SkeletonlZmg mSeCtS Were

severe on alder leaves.

Site E4. Vegetation was examined in址s large field near血e sou血end ofCobscook

State Park. There was a large clunp ofpin cherry sap血gs in the丘eld. These plants were

possibly from the same seed source, Or SPrOutS, Since也ey were growmg cIose together・ In 2002,

OZOne ipjury was noted on 3 of60 (5・0%) pin cherry saplings・ However,血ese plants also very

red, POSSibly due to也e dronght, making it di鯖cult to evaluate sdpple・ The pin cherry leaves

also ex血bited sho也01es and lea癖pots. Trembling aspen seedlings had severe lea鳥pots and tip

dieback.

Site E5. There was no ozone勘Ⅲy nOted on any bioindicators examined near the

intersection ofNo珊1 Trail and Weir Road. Rastry plants were red at址s Iocation.

Site E6. This excellent site was estあlished in 2002, near血e begi皿ing ofNorth

Tra11. The site consists of a lange open宜eld containing hundreds of spreading dogbane

plants and也ousands of small aspens. Bo血色e spreading dogbane and trembling aspen

Plauts at亜s site had dark green, healtdy leaves. Little drought ipjⅢy, 1ea癖pots, Or

c址orosis was noted at也is site. @e血aps血is Iocation has a血gher water talJle.)

血terestingly,血e site also contains a large number of皿ac shmbs, W血ch were丘ee of

OZOne l刊u巧手・

Site E7. T血s additional site was also established in 2002, and is Iocated in a

large field along Weir Road near the Flatiron FIowage pond- The large field contains

many aspens and spreading dogbane plants, nOne Of which exhibited ozone町田y m

2002. However, many Of血e dogbane pl甜鳴were quite c址orotic.
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二Ii皿ate Division Drought Data http: //climvis. ncdc.noaa. govIcgi-bin佃血税facc

PalmerDroughtSeveri申Index 
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Figure 4. Palmer Drought Severity血dex for coastal Ma血e, including Mooseho皿NWR,

du血g 1895 - 2002. Data for 2002 is only partial at time ofreport writing, but i11ustrates

也e very severe droug出血at was encompassing也e East Coast in 2002. The borizontal

line atくく0” is considered nomal moisture levels. Areas above瓜e line rapresent more

也an adequate moisture for nomal plant functioning, VI心ereas areas below也e line

rqpesent water stress. A dr。ught severity index of-3 is considered to be a severe

drought, 1ikely rechcing ozone uptake・
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SUMMARY

The results of血is 2002 survey revealed也at ozone lr即LIIy Was PreSeI虹in low levels on

Vegeta.tion wi也in the boundaries of也e Moosehom NWR, a POrtion ofwhich is a Class I air

quality area.血1998 (August), OZOne-induced foliar symptoms were fairly high, and were

related to也e血gh levels ofanわient ozone也at year偶igure 2). The 1999 ambient ozone levels

Were lower than in 1998, and 1999 was a dry year. The drought symptoms as observed in 1999

Were widespread, and included plaI虹yellowing, Wilting, Curling and defoliation. It is very缶ke工y

that血e Cky wea血er of 1999 precluded ozone uptake by plants, and reduced subsequent symptom

developmeut in血at year. The ozone levels of 2000 were very low, but moisture conditions

during the survey appeared adequate. There was no observed wil血g ofplants due to drought

StreSS during血e 2000 surveys. Thos, in sp正e of血e low ambient ozone concentrations, OZOne-

induced i亘iury did occur in也e sunmer of2000 w虹血血e refuge.工n 2002, ambient ozone levels

Were faidy high, but血ere was a widesprcad and severe drought along血e East Coast of血e U.S.

(Figure 4). T血s,也e level ofozone iqjury on bioindicators was not as severe as it m王g址have

been without也e droug上山Nevertheless, t血s survey illustrated也at ambient ozone occurs at such

levels to cause ozone叩ury on sensitive bioindicators in Class I Wildemess areas such as血e

Moosehom National Wildlife Refuge.

These results sho血d prove useful to the FWS when making air qual車yγ managemeut

decisious, including也ose related to the review of Preve血ion of Signi宜cant Deterioration (PSD)

Permits.



28

RELATED LITERATURE

Anderson, R. L., C. M. Huber, R・ P. BelaIlger, J. Knighten’T. McCa血ey, andB・ Book・ 1989.

Recomended survey procedures for assessmg on bioindicator plarits in Region 8 C工ass I

Wildemess areas. USDA Forest Service, Forest Pest Managemerit, Asheville Field

O範∞ Rep〇九89-1-36, 6 pp・

ConkHng, B. L. and G. E Byers (eds.). 1993. Forest Heal血Monitoring Field Me也ods Guide・

工ntemal Report. US EPA, Las Vegas, NV

Davis, D. D. 1984. Description ofleaf埴ury caused by gaseous alr POllutants. pp 77-82垣

Davis, g!基. (ed.). Proc. Sym. Air Pollut. and Productivity of血e Forest, Wash., DC・

Oct. 4-5, 1983. Pub. by Izaac WaltonLeague, Wash-, DC, 344 pp‥

Davis, D. D. and J. B. Coppolino. 1976. Ozone susceptibility ofselected woody shrul)S狐d

Vines. Pla虹Dis. Rptr. 60:876-878・

Davis, D. D. and J. M. Skelly. 1992. Foliar sensitivity of eight eastem hardwood廿ee species to

ozone. J. Water, Air, Soil Pollut. 62:269-277.

Davis, D. D. and R. G. Wilho皿1976. Susceptibi哩γ Ofwoody plauts to sulfur dioxide and

photochemical oxidauts・ E.P.A. Ecol・ Res・ Series EPA 600/3-76-102, 70 pp・

Davis, D. D., J. R. McClenahen, andR・ J. H血k・ 2001. Use ofan epiphytic moss to

bio皿onitor pollutant levels in southwestem Pemsylvania. No血eastem Naturalist 8 : 379-

392、

Davis, D. D., J. R・ McClenahen, and R. J◆ Hu血ik. 2002・ Selection of a biomonitor to evaluate

mercury levels in forests ofPemsylvania・ Northeastem Naturalist 9: 1 83-1 92.

Davis, D. D., A. Millen, and L. Dochinger (ed.). 1984・ Air po11ution and productivity of血e

forest. Proc. Sy皿. Air Pol鵬and Productivity ofthe Forest, Wash., DC・ Oct. 4-5, 1983.

Pub. by Izaac Wa庇on League, Wash., DC, 344 pp・

Davis, D. D., J. M. Skelly, and B. L Nash. 1995. M勾Or and廿ace element concentrations in red

ock, W血te oak, and red maple foliage across an atmospheric deposition gradient in ・

Pemsylva]瓦a. Proc・ Ten血Am脚l Centr. Hdwd. Co重心Morgautown’WVA, USDA

Forest Service Tech Bull. pp 188-195.

Davis, D. D., D. M. Umbach, and J. B. Coppolino. 1981. Susceptibilfty oftree and shr血

species and response ofblack cherry foliage to ozone. Plant Dis. 65‥ 904-907.

Davis, D. D・つF・ A. Wood, R・ J・ Hu血吐G・ C・ Weidersun, and W・ R・ Rossman. 1984.

Observatiom aromd coal一血ed power plaIltS in Pemsylvania. Forest Wissen.

Cen壮a旭la壮103:61-73.



29

Jensen, K. F. and L. S. Doc址ngen 1989. Respouse ofeastem hardwood specleS tO OZOne, Sulfur

dioxide, and acidic precipitation. J. Air Pollut. Control Assoc. 39:852.

Pye, J. M. 1988. Impact ofozone on血e grow血and yield oftrees: A review. J. Environ. Qual.

17:347-360.

Rosehberg, C. R, R. J. Hutnik, and D. D. Davis. 1979. Forest composition at varymg distances

宜om a coal-bunmg power pla血. Environ. Po11ut. 19:307事3 17.

Skelly, J. M. 2000. Tropospheric ozone and its importance to forests and natural plaut

COmmunities of the northeaste皿United States. Northeastem Naturalist 7:22 1 -23 6.

Skelly, J. M., D. D. Davis, W. Merri11, and E. A. Ca皿eron (Bds.). 1987、 Diagnosing iIjuIy tO

easte皿forest廿ees. Co工lege ofAgric., Pem State Univ., 122 pp.

Umbach, D. M. and D. D. Davis. 1984. Severity and frequency of SO2-induced leafnecrosis on

Seedlings of57廿ee specleS. For. Sci. 30:587-596.

Van Hal巧H. and H. S廿atmam. 1969. CoIor-Plate atlas of也e e群もcts of sulfur dioxide on

Plauts. Verlag W. Girardet, Essen, W. Gemany, 206 pp.

Wood, F. A., R. J. Hu血ik, D. D. Davis, G. C. Weidersum, and W. R. Rossman. 1982. E締∋CtS Of

large coal-bunmg power plants on vegetation in westem Penusylvania. Pres. 75th Annu.

Meet. APCA, New Orleans, Preprint Nb. 82-67.7.



30

Appendix - Vegetation at Moosehom NWR

(As Fumished by the FWS)

Abies balsanea (balsam fir)

Acer pensylvanioum (striped maple)

Acer rub同m (red maple)

Acer saccharun (sugar平aple)

Acer spicatum (momtam maple)

Achillea mi11efoliun (common yarro可

Actaea rubra (red baneberry)

Agropyron repens @lytrigia repens var. repens)
Agrostis alba (Agrostis gigantea)

Alisma s心bcordahm (American water plantain)

Alnus chspa (Alnus viridis ssp. crispa)

Alnus rugosa (Alnus incana ssp. rugosa)

Alopecurus pratensis (meadow foxtail)

Amelanc血er laevis (A11egheny serviceberry)

Anaphalis margaritacea (westem pearly everlasting)

Andromeda glaucophylla (Andromeda polifolia van glau∞Phy11a)

Antemaria neodioica (Amtemaria howe11ii ssp. neodioica)

An血oxanthun odora血m (sweet vemalgrass)

Apocynun androsaemifo血m (spreading dogbane)

Aquilegia v山garis CBuropean colunbine)

Aralia血spida (bristly sarsapari埠)

Aralia nudica皿s (Wild sarsapah11a)

Arctium minus (1esser burrdock)

Arisaema atrorul)enS (Arisaema血phyllun ssp. thphyllum)

Asclepias inc竺ata (swamp milkweed)

Asclepias synaca (common milkweed)

Aster acumina血S (whorled wood aster)

Aster macrophyllus (bigleaf aster)

Aster radula (low rough aster)

Aster umbella血s (parasol aster)

Aster undula血S (waxyleaf aster)

Athyriun触Ⅹ-femina (common ladyfem)

B arbarea vulgaris (garden yellowrocket)

B e血eris thunbergii (Japanese ba血erry)

B etula papyrifera (paper birch)

B etula p9Pulifolia (gray birch)

Brassica JunCea (India mustnd)

Cala皿agrostis canadensis (blu匂oint)

Capse11a bursa-PastOhs (shepherd’s purse)

Carex crinita (fringed sedge)

Carex in血mes cens (greater bladder sedge)

Carex stricta (uptight sedge)



31

Carex血spe皿a (血reeseeded sedge)

Caru竺Carvi (carawayγ)

CerastⅢm V山gattm (Cerastiu皿fontanlm SSP. Vulgare)

Chamaedaphne calyculata (1eatherleaD

Chelone glabra (w血te turtlehead)

Chi皿aphila umbellata (pipsissewa)

C血ysan也emun leuca血themum qeucanthemun v血gare)

Circaea alpina (sma11 enchaIlter’s nig址shade)

Cirsiun arvense (Canadian thistle)

Cirsiu皿discoIor (field血istle)

CirsiuT Vulgare (b皿thistle)

ClematlS Virginiana (devil-s daming needles)

Clintonia borealis (yellow bluebeadlily)

Comptonia peregrina (sweet fem)

Coptis groe血andica (Coptis trifolia ssp. groenlandica)

Comus alte皿ifolia (altemateleaf dogwood)

Comus canadensis (bunchberry dogwood)

Co皿us sto工o血fera (Comus sericea ssp. sericea)

Coronilla vaha (pu甲le crownvetch)

Corylus co皿uta (beaked hazelnut)

Crassula aquatica (water pygmyweed)

CycloIoma atriplicift血m (winged pigweed)

Cypripedilm aCanle (pink lady’s slipper)

Cypripediun calceolus O

Dactylis glomerata (orchardgrass)

Dalibarda repens (robin maway)

Dan血onia spICata (poverty danthonia)

Demstaediia punctilob山a (eastem hayscented fe皿)

Deschampsia flexuosa (wavy hairgrass)

Dianthus Fm?eria (Deptford pink)

Diervi11a lonicera (no地em bush honeysuckle)

Distic址is spICata (inland saltgrass)

Dryopteris cristata (crested woodfem)

Dryopteris d車uncta (Gyrmocarpium di?junctu皿)

Dryopte亨marginalis (marginal woodfein)

Dryoptens noveboraceusis (Thelypteris noveboracensis)

Dryopteris phegopteris (Phegopteris comectilis)

Dryopteris spin山osa q)ryoptehs car血usiana)

Dryopteris也elyptehs (Thelypteris palus宙s van pubescens)

Dulichium armdinaceun (也reeway sedge)

Epigaea repens (廿aling arbu血s)

Epilobiun angustifoliun (丘reweed)

Ecruisetun arvense (field horsetail)

Equisetum fluviatile (water horsetail)

Equise廿m hyemale (scouringmsh horsetail)

Equiset皿sylvaticrm (woodland horsetail)
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Erigeron anpuus (eastem daisy fleabane)

Ehgeron s血gosus (praihe fleabane)

E丘o canlon septangulare (Eriocaulon aquaticun)

Eriophorum angustifoliun (talI co廿OngrasS)

Ehophoru皿spissum @riophorum vaginat皿var. spissun)

Eupatoriadelphus purpureus @upatorim purpurem var purpureun)
Eupatoriun mac山a血m (spotted joapyeweed)

Eu血a皿ia graminifolia (fla請OP gOldentop)

Fagus grandifolia (A皿erican beech)

Festuca capillata (Festuca触fomis)

F estuca elatior (F estuca prateusis)

Festuc? nfora (red fescue)

Frag竺a Vir中ana (Virginia s廿awherry)

FraxTluS anerlCana (w亜e ash)

Frax皿IIS PemSylvanica (green ash)

Galeopsis te廿ahit (bri也estem hempnettle)

Galium mo11ugo (false baby-s breath)

Gal王um palustre (com皿on marsh beds廿aw)

Galiurn心腹orum (宜agraIlt beds廿aW)

Gaultheria hispidrla (creeping snowherry)

GauItheria procumbeus (eastem teaberry)

Gaylussacia baccata (black huckleberry)

Gaylussacia dumosa (dwarf huckledeny)

Gerani竺bi血ellii (Bicknell’s crmesbill)

Glycena canadensis (rattlesnake mamagrass)

Glyceria obtusa (Atlantic ma竺agraSS)

Hama皿elis virginiana (Amencan witchhazel)

Hemeroca11is fulva (orange daylily)

Hierac平auraIitiacm (orange hawkweed)

Hierac:un florentinm (Hieraciun piloselloides)

Hieraclun Pilosella (mouseear hawkweed)

拙eracium pratense (Hieraciun caespitosun)

Hordeun califomicum (Califom土a barley)

Hunu山s lupulus (common hop)

Hype平un 。1画Cun (pale St. Johnswort)

Hypencun perforat皿(coIPmOn St・ Johnswo工t)

工lex vertici11ata (com皿on wmte血erry)

工mpatiens capensis G ewelweed)

Iris versicoIor (harlequin blue血ag)

Juniperus communis (∞mmOn juniper)

Ka血ia angustifolia (Sheep laurel)

Kalmia polifolia (bog laurel)

Larix laricina (tamarack)

Ledun groe血andicum (bog Labradortea)

Lilium canadeuse (Canadian lily)

Linaria canadensis (Nu咄Ianthus canadensis)
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Linaria vulgaris (butter and eggs)

Limaea borealis (twi工血ower)

Lobelia cardinalis ( cardinalflower)

Lobelia dortmama (Do血an正s cardinalflower)

Lonicera canadensis (American fly honeysuckle)

Ludwigia palustris (marsh seedbox)

Luzula acuminata (hairy woodrush)

Luzula mu距flora (oommon woodrush)

Lyc血is alba (Silene latifoHa ssp. alba)

Lycopodiun amotinum (st縦clbbmoss)

Lycopodrm clavatum (r聞出ing clubmoss)

Lycopo dium complanatum (grourrdcedar)

Lycopodium lucid血m (Huperzia lucidula)

Lycopodium obsc皿m (rare clubmoss)

Lycopodium tristachyun (deeproot cllめmoss)

Lycopus americanus (American wate血orehound)

Lycopus unifloms (nor血em bugleweed)

Lycopus virg血cus (Virginia wate血orehound)

Lysi皿achia terresths (earth loosestrife)

Maian血emm甲nadense (Canada beadruby)

Matricaria matrlCarioides (Matricaha discoidea)

Medeola vir$niana (Indian cucumberroot)
Medicago satlVa (alfalfa)

Melampyrum lineare (narrowleaf cowwheat)

Melilotus alba (white sweetclover)

Melilotus o能cinalis (yellow sweetcIover)

Men也a a7ensis (Men血a canadensis)

蝿mulus mgens Qngen monkeyflower)

Mitche11a repens (pa血dgeberry)

Moneses uniflora (single deligfゆ

Myrica gale (sweetgale)
Myriophyllun exalbescens (M夕riophyllun sibiricu皿)

Nuphar variegata (Nuphar鵬ea ssp. vahegata)

Nymphaea odorata (American w蘭e waterlily)

ltymphoides cordata (1珊e floatin如earf)

Odontites serotinus (Odontites ve平uS S平SerO宙ms)

Oenothera biemis (common evemgpmr9Se)

Oeno也era fruticosa (narrowleaf evemngpn皿rose)

Onoclea.sensibilis (SenSitive fem)

OryzopsIS aSPerifolia (roughleaf hcegrass)

Osmunda cimamomea (cimamon fem)

Osmunda claytoniana (血emxpted fe皿)

Osmmda regalis (royal fem)

Oxalis europaea (Oxalis s正cta)

Oxalis montana (mountain woodsorrel)

Oxalis s血cta (comon ye1low oxalis)
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Phalaris armdinacea (reed canarygrass)

Phleum pratense担mothy)

Piceaあies (Norway spruce)

Picea glanca (w虹te spruce)

Pi∞a mariana (black spruce)

Picea nibens (red spruce)

Pinus resinosa (red pine)

Pinus strobus (easte皿w亜e pine)

Plantago m砧or (common plantain)

Pogo血a op血oglossoides (Snakemouth orchid)

Polygonattm pubescens (hairy SoIomonts seal)

Polygormm amphibium (water knotweed)

Polygonun careyi (Car lys smartweed)

Polygonun cilinode (fringed b]ack bindweed)

Polygonun lapathifolium (curlytop血otweed)

Po工ygonun peusylvanicum (Pemsylvania smartweed)

Polygonun p雪Ctatun (do廿ed smartweed)

Polypodrm vHginianum (rock polypody)

Polystichun acrostichoides (Christmas fem)

Pontederia cordata (pickerelweed)

P opulus balsamifera (balsam poplar)

Pop血us grandidentata @igtoo血aspen)

Populus廿emuloides (quaking aspen)

Potamogeton epihydrus伍bbonleaf pondweed)

Potamogeton natans (floating pondweed)

Potamogeton pectina血S (sago pondweed)

Potamogeton zosterifomis qlatstem pondweed)

Pote庇illa ansehna (Argen血a ansehna)

Potentilla argentea (silver cinquefoil)

Potentilla norvegica (NorYeg工an Cinquefoil)

Pote血11a recta (s山phur cmquefoil)

Potentilla simplex (common cinquefoil)

Pmnella vulgaris (common selfheal)

Pr皿uS Peusylva正ca (pin cherry)

Prums pumila var. besseyi (westem sandcherry)

Prmus s?rO血a (black cherry)

Prmus vlrg壷ana (common chokecheHy)

Pteridiun aqui血un (WeStem brackenfem)

Pyrola elliptica (waxflower shi血eaf)

Pyrola rotund捌ia (Pyrola am平Cana)

Pyrus americana (Sorfus amencana)

Pyms Horibunda (Aronia X pr皿ifolia)

Pyrus malus (Malus sylvestris)

Pyrus melanocarpa (Aronia melanocarpa)

Quercus rllbra (northem red oak)
Ran皿culus acris (ta11 buttercup)

●
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Rhinanthus crista-galli (Rhinanthus minor ssp. minor)

Rhododendron canadense Ghodora)

Rhus radicans (Toxicodendron radicans ssp. radicans)

Rhus typhina (Rhus址rta)

Ribes glandulosum (skuIlk currant)

Ribes hinellum qairystem gooseberry)

Rubus allegheniensis (A11egheny blackberry)

Rul)us hispidus (bhstly dewherry)

Rubus idaeus (American red raspberry)

Rubus pubesceus (dwarf red blackberry)

Rudbeckia serotina (Rudbeckia亜rta val Pulcherrima)

Rum?Ⅹ acetOSella (COmmon Sheep sorrel)

Ruppla mahti皿a (widgeongrass)

S agittaria latifolia (broadleaf arrowhead)

Salicomia eunpaea (Salicomia maritima)

Salix bebbiana (Bebb w血low)

Salix gracilis (Salix pedolaris)

Sambuc†S Canadensis (American elder)

Sarracema Pl平urea (purple pitcherplant)

S ci呼us atrovlrenS (green bulrush)

S cirpus cypemus (woolgrass)

Scirpus pedicellatus (Stalked bulrush)

Scirpus fubrotinctus (S cirpus microca町us)

S cutellaha epilobiifolia (Scute11aria gaユehc山afa)

Scute11aria lateriHora (blue sk皿cap)

S edu竺PuIPureum (Sedun telephiun ssp. telaphiun)

SenecIO anreuS (golden ragwort)

S enecio v血garis (common groundsel)

Silene au血rhina (sleepy silene)

Silene cuc巾alus (Silene v山gahs)

S主syrinchiun montanun (mountain blueeyed grass)

Sium suave (hemlock watexpars血p)

Smilac王na racemosa (Maian也emun race皿osun ssp. racemoSum)

Smilacina trifolia (Maian血em trifolium)

Solanun dulcamara (Climbing nightshade)

Solidago graminif班a a±uthamia graminifolia var. graminifolia)

Spiraea latifol王a (Spiraea alba var. 1atifolia)

Spiraea tomentosa (SteePlebush)

Stellaria graninea (grasslike starwort)

Taraxacun o締cinale (common dandeIion)

TaxilQj eunea (taxil句eunea)

Thalic血m polygamum (Thalictrum pubescens)

Thelypteris thelyptehoides (Thelypteris noveboracensis)

Th可a occidentalis (eastem a血orvitae)

Tragopogon pratemis (meadow salsify)

Thentalis borealis (American sta血ower)
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Trifolium agrariun (廿ifoli聞皿aureum)

Trifolium arⅤense (rabbitfoot cIover)

Trifolium hybridun (alsike clover)

Thfoliun pratense (red cIover)

Trifoliu皿repens (w亜e clover)

Tsuga canadeusis (easte皿hemlock)

Typha angustifolia (nam}wieaf cattail)

Typha latifolia (broadleaf ca請a11)

U血cularia comuta (ho皿ed bladderwort)

Utricularia puIPurea (eastem purple bladderwort)

Utricularia vulgaris (U虹cularia macro血iza)

Uvulaha sessilifolia (sessileleaf be11wo亘y

Vacc聖un angust瑚iun (lowbush bluebeny)

Vacc聖un COrymbos皿(highbush bluebeny)

Vacc聖un macroCarPOn (cranbeny)

Vacc平皿ny皿Ioides (velvetleaf huddeberry)

Vacc聖un OXycoCCOS (small cra址eny)

Vacc皿l皿V証s-iぬ∽ (血go皿beⅡy)

Valeri狐a uliginosa (mountain valeriah)

Vallisneha americana (American eelgrass)

Ve血asoum也apsus (cormon m皿ein)

Vero平a o範cinalis (common gypsyweed)

Veron誓SCu刷ata (sk皿cap speedwell)

VeronlCa S erPyllifolia (fhy皿eleaf speedwell)

Viburmm cassinoides (V冊脚叩m nudun var. cassinoides)

Vibumun lentago (namybeⅡy)

Vibur帥m reCOgni血m (Vibur叩m denta血m var. lucidum)

VibunⅢm電工obun (Vibur関m OPulus var. americanun)

Vicia cra?Ca (bird vetch)

Vicia seplun (bush vetch)

Viola ad皿Ca (hookedspur violet)

Viola cuou11ata (marsh blue violet)

Viola palleus (Viola macIoskeyi ssp. pa11eus)

Viola septentrionalis (northe皿blue violet)


